This study investigated the chemical composition, in vitro cytotoxic, and antimicrobial activities of the essential oil isolated from the flower of Diospyros discolor from Taiwan. The essential oil was isolated using hydrodistillation in a Clevenger-type apparatus, and characterized by GC-FID and GC-MS. Twenty-eight compounds were identified, representing 100% of the oil. The main components identified were (2Z,6E)-farnesol (35.0%), α-cadinol (10.9%), (E)-nerolidol (6.9%), α-humulene (6.0%), -cadinol (5.6%), β-caryophyllene (5.3%), and -muurolol (5.3%). The oil exhibited cytotoxic activity against human colon, liver, and lung cancer cells. The active compounds were β-caryophyllene, α-humulene, -cadinol, -muurolol, α-cadinol, and (2Z,6E)-farnesol. The antimicrobial activity of the oil was tested by the disc diffusion and micro-broth dilution methods against ten microbial species. The oil exhibited moderate to strong growth suppression against Bacillus cereus, Staphylococcus aureus, S. epidermidis, Escherichia coli, Enterobacter aerogenes, and Candida albicans, with inhibition zones of 40 to 52 mm and MIC values of 31.25-62.5 μg/mL, respectively. For the antimicrobial activities of the oil, the active compounds were determined to be -cadinol, -cadinol, -muurolol and (2Z,6E)-farnesol.
The Ebonaceae family contains approximately 5 genera and 500 species. The genus Diospyros contains about 200 species of trees, which are mainly distributed in tropical and subtropical regions [1] . D. discolor Willd is a unique endemic species of Taiwan. It is an evergreen tree with black-colored heartwood known as Taiwan ebony. The wood is esteemed as a rare and precious material [2] , but nevertheless, there are very few reports on the chemical composition of the species. Santosh and Sandhya [3, 4] isolated anthraquinones from the bark of the tree; Ganapaty et al. [5] reported dimeric naphthoquinones from the roots; Lee et al. [6] found that the leaf extract had excellent antioxidant activity; and Chen et al. [7] isolated a lanostane-type triterpenoid. As for essential oils, Smith and Luz [8] analyzed the composition of that from the fruit. Therefore, there was no prior knowledge concerning the flower essential oil composition or its bioactivity. Thus, we used hydrodistillation to collect the flower oil, which was analyzed by GC-FID and GC-MS.
Aging of the population in Taiwan, along with changes in lifestyle and increase in obesity rate have led to a relentless increase in incidences of malignant tumors and cancers. According to the 2011 statistics of the Citizens' Health Bureau of the Ministry of Health and Welfare, cancer has become the leading cause of death in Taiwan. The most prevalent cancers, based on the number of incidences, are colon-rectal, liver and lung cancers. Development of new anti-cancer medication is urgently required and natural products are being investigated. More and more serious cases of inhospital infection are also being recorded. As a result, we have examined the in vitro anticancer and antimicrobial activities of the flower oil. The purpose of this study was to establish a chemical basis for effective multipurpose utilization of the tree species.
Hydrodistillation of D. discolor flowers produced a yellow-colored oil with a yield (v/w) on a moisture free basis of 1.68 ± 0.05 (v/w). All compounds are listed in order of their elution from the DB-5 column ( Table 1) . Twenty-eight compounds were identified among which oxygenated sesquiterpenes were predominant (74.5%), followed by sesquiterpene hydrocarbons (19.4%), non-terpenoids (5.6%), oxygenated monoterpenes (0.3%), and monoterpene hydrocarbons (0.2%). Among the oxygenated sesquiterpenes, (2Z,6E)-farnesol (35.0%), α-cadinol (10.9%), (E)-nerolidol (6.9%), -cadinol (5.6%), and -muurolol (5.3%) were the major compounds, and of the sesquiterpene hydrocarbons, α-humulene (6.0%), and β-caryophyllene (5.3%) were the main components. This is the first study on the chemical characterization of the flower oil.
To evaluate the anticancer potential of the essential oil of D. discolor flowers, we tested its effect on the viability of three human cancer cell lines: HT-29 (human colon), J5 (human hepatocellular carcinoma), and A549 (human lung adenocarcinoma). Cells were incubated with various concentrations of essential oil (0~200 μg/mL) for 48 h, and then cell viabilities were measured by the alamarBlue® proliferation assay. The results showed that flower oil treatment for 48 h reduced the viability of HT-29 cells, J5 cells, and A549 cells, with IC 50 values of around 10.6, 36.8, and 26.8 μg/mL, respectively ( Table 2 ). This is the first report on the anticancer activities of D. discolor flower essential oil against human colon, liver, and lung cancer cells.
To ascertain the compounds responsible for the anticancer activities of D. discolor flower oil, the main components were individually tested. β-Caryophyllene, α-humulene, (E)-nerolidol, and (2Z,6E)farnesol were purchased from Fluka Co. (Milwaukee, USA). -Cadinol, -cadinol, and -muurolol were from isolates of Ho et al. from their study of Machilus philippinenesis [10] and M. pseudolongifolia [11] essential oils. The results showed that the active compounds were β-caryophyllene, α-humulene, -cadinol, -muurolol, α-cadinol, and (2Z,6E)-farnesol. The IC 50 values of the six compounds were: for HT- 29 52.6 μg/mL ( Table 2) . β-Caryophyllene is reported to be cytotoxic against a number of human cancer cell lines including A549, HT-29, MDA-MB-468, UACC-257, Hela, and MCF-7 [12] [13] [14] . α-Humulene is cytotoxic to A549, HT-29, MCF-7, DLD-1, L-929, Hela, and UACC-257 [13, 14] , and τ-Cadinol and α-cadinol against A-549, HT-29, and MCF-7 human cancer cell lines [15, 16] . In addition, τ-muurolol is cytotoxic to A549, HT-29, and MCF-7 cancer cell lines [15] . (2Z,6E)-Farnesol is reported to be cytotoxic to the A549 cancer cell line [17] [18] [19] [20] . The presence of βcaryophyllene, α-humulene, -cadinol, -muurolol, α-cadinol, and (2Z,6E)-farnesol significantly contributed to the anticancer activities of D. discolor flower oil.
The flower oil of D. discolor was also tested against three Grampositive and five Gram-negative bacteria, as well as two fungi. The results, presented in 
Isolation of flower essential oil:
The essential oil of the air-dried flowers of D. discolor (1 kg) were distilled for 3 h using a Clevenger-type apparatus and hydrodistillation technique. After distillation, the volume of oils obtained was measured, and the essential oil was stored in a glass container hermetically sealed with rubber lids, covered with aluminum foil to protect the contents from light, and kept refrigerated at < 4ºC until used. The oil yield and all test data are the average of triplicate analyses. 
Essential oil analysis:

Component identification:
Identification of the flower essential oil constituents was based on comparisons of retention index (RI) [9] , retention times (RT), and mass spectra with those obtained from authentic standards and/or the NIST and Wiley libraries spectra, and literature [9, 30] .
Cell culture: Human colon cancer HT-29 cells, human hepatocellular carcinoma J5 cells, and human lung adenocarcinoma A549 cells were obtained from ATCC (Rockville, MD, USA) and multiplied in RPMI-1640 medium supplemented with 10% heatedinactivated FCS and 2 mM L-glutamine (Life Technologies, Inc., MD), and incubated at 37°C with 5% CO 2 incubator and 95% humidity.
Cell viability assay:
The cytotoxicity of the flower essential oil was assessed using the alamarBlue® proliferation assay according to a protocol from AbD Serotec. Cells (3000 cells/well) were incubated with either essential oil (dissolved in DMSO, final 0.1% DMSO in medium) or vehicle control (0.1% DMSO) for 24 h and 48 h, Flower essential oil of Diospyros discolor Natural Product Communications Vol. 10 (7) 2015 1313 [32] and as reported earlier [33] . All data were the average of triplicate analyses.
